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Abstract: Muteh is a major Iranian gold mine that is 
located in Delijan, within in the Sanandaj-Sirjan 
metallogenic zone. Previously, the gold mineralization in 
Muteh was interpreted to be formed in Precambrian. 
However, recent geological models propose younger age, 
i.e., late Eocene, for the gold mineralization, therefore, 
the geologic units of age and older than late Eocene can 
be considered as targets for gold exploration. The 
objective of this paper is to investigate Muteh type gold 
mineralization potential in the area with respect to the 
new geological models. Statistical analysis of 644 stream 
sediment samples was used to determine anomalous 
concentrations Au and elemental correlations of Au 
geochemical pathfinders.  
 
Using the factor analysis, an eight-factor model was 
established for the stream sediment geochemical data 
explaining 74.76% of the total variance. Factor 4 was 
found to be representative of Al-Ca-Na-K-P, which 
defines the lithological variation in the data. Factor 6 
represents the variation of Pb-Ag-Sb-Ba-Tl, which is 
related to the hydrothermal mineralization. The factor 7 
includes Au-S-Mo and is representative of regional 
geochemical patterns of gold. The correlation of Au with 
S and Mo signifies the inclusions of Au in pyrite minerals 
of Muteh mine. Factor 7 specifies three exploration 
targets. Moreover, the fourth prospective area 
representing significant geochemical signatures for gold 
mineralization was not detected in factor analysis. The 
results show that data reduction techniques, such as 
factor analysis, have great potential for geochemical 
applications; however, it is essential to perform careful 
analysis in addition to using these techniques. Factor 
analysis highlights the regional geochemical patterns and 
may slight the smaller subsystems.  
 
Keywords: Gold; Geochemical Exploration; Stream 
Sediments; Factor Analysis; Muteh 
 
I. INTRODUCTION 
Muteh is a major gold mine in Iran that is located in Delijan 
(Figure 1). Previously, the gold mineralization in Muteh was 
described as Precambrian in age [1]–[3]. Recent studies, 
however, show that the gold mineralization in Muteh is 
younger with the age of late Eocene [4]–[7]. The new 
geological model [4] contradicts the previous models that 
relate the mineralization to the leucogranite-granite-
granodioritic intrusive [3], or to the metamorphism of the 
host rock [2], or to the hot springs [8]. Based on the new 
model, the gold deposition at Muteh occurred due to a 
geothermal gradient caused by the exhumation of the 
metamorphic rocks during the magmatic activities in Eocene 
[4].  The younger age of formation implies that other units 
in the area can be suitable targets for gold exploration, while 
the explorations activities based on the older models only 
focused on the Precambrian or older units [5]–[7].  
 
Considering the new model of Muteh, this study performs 
stream sediment geochemical explorations for gold in 
Delijan. In geochemical exploration, the geological signals 
that indicate a higher concentration of minerals appear as 
anomalous distributions of elements [9]–[11]. So far, plenty 
of methods including single-variable statistical, 
geostatistical techniques, and multivariate statistical 
methods have been widely used to describe and analyze the 
geochemical data [5], [9], [12], [13]. Ordinarily, these 
patterns are intricate and include many variables; therefore, 
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data reduction techniques, such as factor analysis and 
principal component analysis (PCA) are used to decrease the 
number of geochemical variables to conduct a better 
classification. In this study, geochemical data including 644 
stream sediment samples collected over the area covered by 
the 1:100,000 geological map of Delijan are analyzed using 
multivariate statistical techniques to delineate anomalous 
concentrations of gold and its geochemical pathfinders. 
Whereas, mapping of the geochemical anomalies in the area 
distinguishes four new exploration targets for future studies. 
 
 
Figure 1 - The major geological zones of Iran and the 
location of study area (Delijan) within the Sanandaj-Sirjan 
metallogenic zone [14] 
 
II. BACKGROUND 
 
A. Geology 
 
Delijan area is located in the Sanandaj-Sirjan metallogenic 
zone (Figure 1). The zone, with the length of 1500 km and 
the width of 150 – 200 km, was developed during the 
process of Tethys Ocean formation and its closure in 
Tertiary and Cretaceous, followed by collision of the Afro-
Arabian and Euro-Asian continental plates [15], [16]. The 
magmatism occurred in Late Jurassic to Eocene with the 
peak activities in late Cretaceous [16]. The oldest magmatic 
rocks in the area include mafic tholeiitic formations of late 
Triassic and early Jurassic [17] and Proterozoic-Paleozoic 
mafic rocks [8], [18] (Figure 2). Mesozoic and Tertiary 
sedimentary rocks are the most common outcrops in the area 
[3]. These units cover the Paleozoic sediments, which are 
covered by Quaternary sediments in most places [15], [17]. 
Eocene volcanics are other dominant units in the area [3]. 
Granite and biotite granite intrusives in the metamorphic 
complex of the Muteh host the gold deposits [4] (Figure 2). 
  
 
 
Figure 2 - Delijan geography, modified from Golpaygan 
1:250000 geological map [3]–[5]. 
 
B. Gold Mineralization and Related Alterations in 
Muteh 
 
Using 40Ar/39Ar age determination, the geometry of 
fractures, channels, and the alteration of the host rock, 
Moritz et al. (2006) [4] indicated that gold mineralization in 
Muteh occurred in early Eocene [4]. Moreover, the gold 
mineralization in Muteh is not related to the leucogranite-
granite-granodiorite intrusives in the eastern complex. These 
results disputed the Precambrian model [1], [3], and it also 
has a different age relationship with the Paleozoic hot 
springs model [8]. Moreover, the direct connection between 
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the metamorphism of the host rock and the mineralization [2] 
is opposed by the 40Ar/39Ar studies [4]. Moritz et al. (2006) 
proposed that the increase in a geothermal gradient due to 
the exhumation of the metamorphic rock and the Tertiary 
magmatic activities associated with brittle tensions has 
created a suitable system for rotation of hydrothermal fluids 
in Eocene and deposition of gold [4]. 
 
Gold mineralization-related alteration in the study area is 
recognized as severe bleaching of the intrusive rocks. In the 
areas where alternation is less intense, the bleaching can be 
seen inside the small joints of the host rock. Alteration 
consists of the silicified rocks that include microcrystalline 
quartz, muscovite, pyrite, dolomite-ankerite, and albite in 
metamorphic rock [4]. Pyrite is the most abundant opaque 
mineral and an important phase associated mineral with gold. 
Chalcopyrite, marcasite, galena, bismuth, sphalerite, and 
pyrrhotite are the secondary phases. Pyrrhotite has been 
deposited mostly in the fractures with pyrite and other 
opaque minerals with gold after deposition of pyrite phases. 
Chalcopyrite has been formed in both phases [4]. 
 
III. MATERIALS AND METHODS 
 
A. Sampling and Analytical Technique 
 
The dataset includes 644 stream sediment samples within 
the 1:100000 Delijan sheet. The sampling was performed by 
Geological Survey of Iran (GSI) [19] in 2004. The samples 
were analyzed for 44 elements at the Amdel Mineral 
Laboratories [20]. The analysis of the elements was 
performed by ICP-OES technique, except gold that was 
analyzed using the Fire Assay technique (Table 1).  
 
Elem. Unit Min Max Mean 
Std. 
Dev. 
N 
Analysis 
Method 
Au ppb 1 1150 13.45 73.50 501 FA3 
Ba ppm 52 4580 440.13 352.47 644 IC3E 
S ppm 50 58000 766.17 2885.83 643 IC3E 
Ag ppm 0.01 7.89 0.19 0.40 639 IC3E 
As ppm 2.9 570 34.86 56.90 644 IC3E 
Cu ppm 4.2 330 28.79 18.14 644 IC3E 
Mo ppm 0.7 11 2.03 1.21 643 IC3E 
Pb ppm 2.8 5970 51.64 249.63 644 IC3E 
Sb ppm 0.2 120 2.52 6.33 643 IC3E 
Zn ppm 12.2 435 85.31 33.61 644 IC3E 
Sn ppm 0.7 5.8 1.80 0.65 643 IC3E 
W ppm 0.1 17.2 1.95 1.30 644 IC3E 
Table I - Instrumental analysis of the selected elements of 
stream sediment samples. 
 
B. Geochemical data preparation 
 
The preparation of geochemical data ordinarily involves 
removing censored values and outliers. Data preparation 
also includes normalizing the distributions because 
normality is an essential assumption for most of the 
univariate and multivariate statistical tests [21], [22]. 
Censored values are the missed values that have 
concentration under the detection limit (DL) of the 
analytical technique. It is recommended to completely 
remove the data with more than 50% of missing data. The 
data with less than 1% censored data can be replaced merely 
by ¾  of the DL. For elements with 1% to 50% missing 
values, the recommended censored value is interpolated 
50th percentile of the missing values [23].  
 
C. Multivariate Data Analysis 
 
In general, it is difficult to detect anomalies for gold because 
it has very trace concentrations in the earth surface. Careful 
sampling and highly accurate analytical techniques are 
required for gold anomaly detection. It is common in 
geochemical studies to use gold pathfinders as proxy 
indicators if they have a genetic relationship with gold in 
particular mineralization type. To discover the meaningful 
relationship between elements, and geochemical patterns 
and geological signatures, it is crucial to have parameters to 
describe the intercorrelation between variables. Calculating 
correlation coefficient is one of the useful methods because 
the method is unit independents [9], [24]–[28]. Hierarchical 
Cluster Analysis is another multivariate test that can be used 
for describing the correlation between the variables [5], [9], 
[10]. Factors analysis is a favorite multivariate analysis 
technique that is used in geochemical studies. Factor 
analysis can describe variability among the observed 
variables in a lower number of variables, called factors. The 
factors are a linear combination of the primary variables, 
while the number of dimensions (variables) is decreased [5], 
[9], [10]. These factors can potentially reflect the geological 
relationships and mineralization processes in the form of 
correlation between the variables. In this method, using 
eigenvalue vectors, the directions with maximum variability 
are detected. Following steps are considered for performing 
factor analysis in geochemical studies [5], [13]: 
 
1. The outliers and censored values must be identified and 
removed before performing the factor analysis. 
 
2. The regional geochemical data can be divided into 
smaller subsets with different geochemical 
characteristics as the small patterns might be masked by 
the regional structural or large structural patterns. 
 
3. Selecting the elements entered in factor analysis 
controls the results. It is better to enter all elements in 
the analysis and then test different combinations of 
elements. 
 
4. The number of factors in the analysis must be 
accurately determined. One of the approaches to 
determining the number of factors is to use the scree 
plot. 
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5. The initial loading of factors is performed by using the 
correlation coefficients, and then the optimum solution 
is selected by rotating the axes. Together with factor 
analysis, it is recommended to use the correlation 
coefficient for a better interpretation of the results. 
 
6. It is recommended to map the intermediate results as 
testing different factor combinations. Geographic 
Information Systems (GIS) can provide tools for better 
analysis and visualization of the intermediate products 
to achieve the final results [29]–[35]. 
 
D. Mapping of Geochemical Anomalies  
 
Anomalies related to mineralization are recognized as 
variation forms a regional background or a threshold value. 
In geochemical exploration, X+1S is usually considered as 
the background value, and the X+2S is considered as a 
threshold [5], [9], [11]. Mapping and categorizing the 
geochemical variable based on a threshold can highlight the 
geochemical anomalies.  
 
IV. RESULTS AND DISCUSSION 
 
A. Data preparation 
 
The concentrations of Hg, B, and Te include more than 50% 
of censored data, so these elements were removed from the 
dataset (Table 2). La, S, Ag, Bi, Mo, Sb, Sn, and Cd include 
less than 1% censored data that were replaced by ¾  of the 
DL, and the censored values for Au and Be were replaced 
by the 50th percentile of the missing values. Figure 3 
graphically shows the estimation of censored values for gold. 
 
Elem. DL Unit 
Excluded Estimation 
Technique 
Estimated 
Value N % 
Au 1 ppb 143 22.2 50th Percentile 0.2 
Be 1 ppm 75 11.6 50th Percentile 0.6 
La 10 ppm 3 0.5 ¾  × DL 7.5 
S 50 ppm 1 0.2 ¾  × DL 37.5 
Hg 0.05 ppm 335 52.0 Removed - 
Ag 0.01 ppm 5 0.8 ¾  × DL 0.0075 
B 0.5 ppm 644 100.0 Removed - 
Bi 0.1 ppm 1 0.2 ¾  × DL 0.075 
Mo 0.1 ppm 1 0.2 ¾  × DL 0.075 
Sb 0.1 ppm 1 0.2 ¾  × DL 0.075 
Sn 0.2 ppm 1 0.2 ¾  × DL 0.15 
Te 0.2 ppm 630 97.80 Removed - 
Cd 0.1 ppm 1 0.20 ¾  × D.L. 0.075 
Table II - Estimated replacements for the censored value 
 
 
Figure 3 - Estimated 50th-percentile of censored values of 
gold 
 
The data were converted to a normal distribution using 
logarithmic or Cox-Box transformations. The best 
transformation and the parameters were determined by 
applying the transformation and plotting the resulted 
histogram in EsriTM ArcMap [36] using Geostatistical 
Analyst extension [37].  Figure 4 shows the histograms of 
the normalized data for selected elements. 
 
Figure 4 - Histogram of normalized distribution for selected 
elements 
 
B. Univariate analysis 
 
The univariate statics of gold and its pathfinder elements are 
shown in Table 3. The standard deviation is not an 
appropriate criterion for comparing the variability between 
the elements. To obtain a standardized index, the Coefficient 
of Variations (CV) is calculated by dividing the standard 
deviation by the mean. The elements with larger CV 
represent higher variation in the area, which can be related 
to mineralization.  Gold, copper, zinc, lead, arsenic, and 
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antimony have a high variation that can be described by 
possible hydrothermal mineralization in the area. 
 
Stat Au Ag S As Mo Sb Ba 
Min 0.2 0.0075 37.5 2.9 0.075 0.075 52 
Max 35 0.83 3580 152 7.1 10.6 1510 
Mean 4.03 0.16 523.49 29.91 2.03 2.06 424.23 
Median 2 0.13 320 19.85 1.7 1.6 344 
Std. Dev 6.56 0.14 647.02 30.85 1.12 1.71 252.57 
CV (%) 162.71 84.83 123.6 103.14 55.31 83.12 59.54 
Table III - Univariate statics for gold and gold pathfinders; 
the values for au is in ppb and for other elements is in ppm 
 
C. Multivariate analysis 
 
The Pearson Correlation Coefficient matrix (Figure 5) and 
the cluster analysis dendrogram (Figure 6) were obtained 
using SPSS v22.0 [38]. High correlation values between a 
number of elements is expected because of their similar 
geochemical characteristics, e.g., strong relationship 
between K-Rb, V-Fe, earth rare elements, the lantanids, and 
Cr-Co. High correlation can be found between Au and Bi, 
W, Mo, and Ba. The anomalies of Bi and W can be helpful 
signatures for detecting gold mineralization. In addition, the 
observed strong correlation between Au and S is in 
accordance with pyrite, as pyrite is the main mineralization 
phase that includes gold at Muteh. 
 
 
 
 
Notably, no evident correlation between As and Au is found, 
while arsenic is a major pathfinder for gold in the epithermal 
gold deposits. This low correlation might be caused by the 
genetic of the mineral deposit or due to inaccuracies in the 
analytical method. There is no strong correlation between 
Au and other pathfinders, such as Ag, Sb, and Pb. This 
phenomenon does not show substantial evidence for the 
presence of epithermal gold mineralization. Cu does not 
show a strong relationship with Au. Instead, it is correlated 
with Co and Zn at the primary level, then Al, Fe, and Sc at 
the secondary level. This can be an indication that formation 
of copper minerals occurred both in high and low thermal 
phases of mineralization; however, the copper minerals are 
not considered to economical ore deposits. The high 
correlation between Ag, Pb, and Sn might be evidence for 
epithermal mineralization of Ag; however, no economic 
silver deposits have been reported in the region.  
 
To reduce the number of variables, the factor analysis was 
applied to the dataset. The appropriate number of 
components was determined using the scree graph, where 
the eigenvalues obtained for each factor are ordered in 
descending order [38]. The graph has a turning point at eight 
number of components where high-slope curve with 
eigenvalues greater than 1 switches to low-slope with values 
smaller than 1 (Figure 7). Based on this graph, a model with 
eight factors is the most appropriate model for describing 
the variation within the data.  
 
 
Figure 5 - Pearson Correlation Coefficients for the geochemical data of the stream sediments in Delijan 
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Figure 6 - Dendrogram of cluster analysis based on 
complete-linkage 
 
 Loading of components is performed by rotating the new 
axes in the space of the initial components [39], [40]. There 
are various strategies for rotating the components, and the 
purpose is to achieve an optimized solution for minimizing 
the within-factor-differences. A rotation is desirable that is 
performed with the aim of achieving the maximum variance 
on the new axes that are also called Varimax [10], [39], [40]. 
  
 
Figure 7 - The scree graph for the data of stream sediments 
of Delijan in which, we can favorably have eight factors. 
 
Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy 
tests the suitability of the model. Values of KMO close to 
1.0 confirm the adequacy of factor analysis, where values 
higher than 0.5 are considered satisfactory [5], [38].  The 
test value equals 0.835 (Table 4) that indicates that factor 
analysis in an appropriate. In addition, the Bartlett 
Sphericity test is used to detect the suitability of the factor 
model. Bartlett Sphericity is to test whether the data comes 
from multivariate normal distribution with zero co-variances 
The null hypothesis of the statistical test is that the 
correlation matrix is equal to identity matrix [38]. The 
results in Table 4 shows that the significance level equals to 
0.000 that is small enough to reject the null hypothesis. The 
eight factors describe 76.74% of the total variation in the 
data (Table 5). Table 6 shows the eight-factor model 
obtained from SPSS. 
 
Parameter Score 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. 0.835 
Bartlett's Test of Sphericity 
Approx. Chi-Square 26661 
Degree of freedom 820 
Sig. 0.000 
Table IV - KMO and bartlett test checking the suitability of 
the model 
 
 
Component Total Variance Cumulative 
1 11.60 28.29 28.29 
2 5.21 12.72 41.01 
3 3.55 8.66 49.67 
4 3.02 7.38 57.04 
5 2.63 6.41 63.45 
6 1.90 4.63 68.08 
7 1.50 3.66 71.74 
8 1.23 3.01 74.76 
Table V - Total variance explained and variance of the 
factors obtained from factor analysis 
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Elem. 
Component 
1 2 3 4 5 6 7 8 
Ce 0.88 0.13 0.15 0.05 0.13 0.03 -0.11 0.16 
La 0.86 0.05 -0.07 0.16 0.03 0.12 -0.03 0.13 
Th 0.85 0.06 0.16 0.19 0.28 -0.02 -0.02 0.07 
Be 0.61 0.13 0.42 0.37 0.24 -0.07 -0.04 -0.15 
Sr -0.59 0.16 -0.33 -0.36 0.25 -0.06 0.08 0.02 
Sn 0.59 0.15 0.39 0.46 0.03 -0.11 0.11 0.13 
U 0.59 0.15 0.12 0.09 0.15 -0.03 0.35 0.21 
Bi 0.57 0.27 0.36 0.10 0.05 0.00 0.28 -0.24 
W 0.46 -0.09 0.28 0.37 -0.26 0.06 0.33 0.05 
Fe 0.22 0.87 0.05 0.18 -0.09 -0.12 0.13 -0.06 
V -0.03 0.85 0.01 0.25 -0.10 -0.10 -0.13 0.17 
Co 0.14 0.81 0.27 0.01 0.13 -0.07 -0.02 0.20 
Mn -0.02 0.75 -0.16 -0.08 0.20 0.18 -0.04 -0.12 
Cu 0.12 0.45 0.33 0.23 0.21 0.33 0.22 0.30 
Ni 0.20 0.20 0.70 0.11 0.32 0.03 -0.20 0.20 
Cr 0.41 0.21 0.68 0.27 -0.01 -0.09 0.01 -0.20 
Mg -0.02 -0.30 0.63 0.02 -0.17 -0.04 -0.10 0.13 
Cd 0.26 0.13 0.55 -0.10 -0.05 0.32 0.23 0.08 
Ti 0.19 0.46 0.55 0.12 -0.04 -0.30 -0.36 0.07 
Zr -0.12 0.12 -0.52 0.13 0.40 0.33 -0.10 0.39 
Zn 0.24 0.41 0.49 0.08 0.30 0.28 0.24 0.06 
Nb 0.41 0.11 0.43 0.29 -0.02 -0.02 -0.37 0.42 
Al 0.33 0.32 -0.03 0.75 0.24 0.01 0.03 0.19 
Ca -0.49 -0.12 -0.07 -0.73 0.01 -0.01 -0.25 -0.02 
Sc 0.20 0.50 0.08 0.66 0.08 -0.02 0.05 0.28 
P 0.34 0.03 0.50 0.59 0.08 -0.06 0.16 -0.01 
K 0.31 -0.04 0.20 0.52 0.50 0.33 -0.30 -0.17 
Na 0.23 0.21 -0.04 0.43 -0.21 -0.38 0.40 0.40 
Cs 0.07 0.03 -0.10 -0.12 0.85 0.17 0.13 0.03 
Li 0.02 0.06 -0.01 0.33 0.79 0.06 -0.11 0.11 
Rb 0.36 -0.01 0.10 0.34 0.72 0.28 -0.16 -0.06 
As 0.10 0.25 0.12 -0.37 0.54 0.18 0.22 -0.26 
Pb 0.11 0.06 0.19 -0.06 0.19 0.84 0.00 -0.05 
Sb -0.04 -0.05 -0.07 -0.17 0.16 0.82 -0.14 0.01 
Ag -0.16 -0.08 -0.11 0.06 -0.01 0.70 0.06 0.08 
Ba 0.12 -0.02 -0.16 0.20 0.02 0.67 0.24 -0.13 
Tl 0.15 0.10 0.37 -0.08 0.43 0.57 -0.09 0.02 
S -0.10 -0.10 -0.18 0.06 0.14 0.06 0.79 -0.13 
Mo 0.43 0.14 0.24 0.06 -0.30 -0.16 0.64 0.14 
Au 0.04 0.00 0.06 0.23 -0.39 0.25 0.49 -0.23 
Y 0.38 0.17 0.17 0.16 0.04 -0.03 -0.13 0.76 
Table VI - Matrix of analysis results; the components have 
been calculated by using the principal components analysis 
method (PCA) with a rotation in varimax method 
 
The first factor includes elements such as W, Th, Sr, Ce, La, 
and Sn with a variance of 15% that indicates the variation of 
rare-earth elements and heavy elements that are present in 
the stream sediment samples. The second factor is 
responsible for 10% of the variation and is formed on Mn, 
Co, V, Fe, and Cu. The presence of copper in this factor 
represents the absorption of copper on Fe and Mn hydroxyls 
in the particles of the sediments. The third factor that has 
been formed on Zr, Ti, Cd, Mg, Cr, and Ni explains 10% of 
variation that is probably influenced by the lithological 
variations, especially the basic and ultrabasic units. With 9% 
variation, the fourth factor is formed on alkaline elements K, 
Na, Ca, Al, and P are the main elements forming the 
alkaline lithological units. The fifth factor includes Li, Cs, 
Rb, and As and represents 9% of variation. Ba, Sb, Ag, Pb, 
and Tl control the sixth factor that might be related to the 
existence of epithermal mineralization. With 6% of the total 
variation, the seventh factor formed on S, Au, and Mo, 
which explains the regional gold mineralization. Association 
of gold with S in the seventh factor is attributed to the 
inclusions of gold within pyrite at the majority of anomalous 
concentrations of Au. The eighth factor is solely formed on 
Y that is representative for depletion of Y in the samples. As 
also discussed in correlation analysis, the absence of 
correlation between gold and arsenic is notable As. 
Inappropriate analytical method or an undesirable 
preparation for arsenic can cause such observations for As. 
 
D. Geochemical mapping 
 
The catchment basin for each sample was manually 
delineated with respect to the digital elevation model (DEM). 
The values at each sample location were assigned to the 
upstream catchment basin. The mapping was performed 
using ArcGIS v 10.2.2 [36] for 644 stream sediment 
samples. The map classes were categorized into four groups 
of 1) background, 2) high background, 3) anomalous, and 4) 
highly anomalous. Table 7 shows the classes used for 
mapping of the geochemical distributions. 
 
Range of Values in classes Class Symbol 
Greater than X+3S Highly anomalous  
X+2S to X+3S Anomalous  
X+1S to X+2S High background  
Less than X+1S Background  
Table VII - Classification of geochemical data for mapping 
 
Anomalies of the gold and its pathfinders are mapped in 
Figure 8, and the map of seventh factor of the factor analysis 
is shown in Figure 9. The geochemical anomalies delineate 
the following prospects for detailed explorations: 
 
1. Robat Tork: This area is related to the lithological units 
of p, pЄk, mt, and Es, while the geological structures 
are similar to the Muteh deposit. 
2. Shorab: In addition to Au, this area shows anomalies of 
the As and S and is related to the lithological units of Js 
and Tu. 
3. Kouh Takht: The area is located within the Js and Tu 
units and has a desirable regional structural pattern with 
a high concentration of S and As. Also, Cu, Co, Mo, 
and Mn also have anomalous concertations.  
4. Nimvar: While not mapped in factor 7, there are signs 
of gold mineralization in the area with an observed 
spatial correlation of the gold anomalies with the gold 
pathfinder (Figure 8). 
 
Anomalies of gold in Nimvar (prospect 4) are spatially 
related to the anomalies of Ag and Sb, a phenomenon that is 
not observed at other locations in Delijan area. The area also 
has high concentrations of Ba, Pb, Zn, and Cu, which 
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appears to have a different geochemical behavior that the 
other prospects or the regional pattern. Therefore, the area is 
not highlighted well in the regional factor analysis studies as 
the regional patterns masked the potential subsystem at 
Nimvar.  
 
 
Figure 8 - Maps of geochemical distribution of elements 
(from left to right) Ag, As, Au, and Sb in the stream 
sediment samples of Delijan  
 
 
Figure 9 - Map of factor score obtained from the seventh 
factor that justifies the gold mineralization in the area. 
V. CONCLUSIONS 
The new geological model suggests the younger age of 
Eocene for gold mineralization at Muteh that is considerably 
younger compared to Precambrian model in previous studies. 
Therefore, unlike the older models, a wide range of 
geological units in the area can be considered as gold 
exploration targets. To map potential gold prospects with 
respect to the new model, the stream sediment geochemical 
data was used. Univariate and multivariate statistical 
analysis of the geochemical data showed that Au is 
genetically correlated with S, Ba, Bi, W, and Mo, and at the 
second order with Fe, V, Co, and Mn. To reduce the number 
of variables an eight-factor model was established using the 
factor analysis technique. The seventh factor was recognized 
to be related to the regional gold mineralization in the area. 
Mapping of the seventh factor outlines three prospective 
areas.  
 
In addition to the factor analysis results, the coexistence of 
Au with gold pathfinders, such as As, Ag, Sb, and Pb is 
detected in another prospective area that can be considered 
as epithermal gold mineralization. Despite significant 
geochemical signatures, the factor analysis was not able to 
map the fourth area. The results of this study show that 
multivariate statistical analysis has great potential for 
application in geochemical exploration; however, it is 
important to acknowledge the limitations of the technique 
and perform a careful analysis of data in addition to such 
techniques. For next stage of investigation, it is 
recommended to use the results from this study together 
with other geo-exploration data such as geomorphology, 
remote sensing, geophysics and heavy mineral studies to 
specify the most prospectus exploration targets from the 
proposed quadruple areas. 
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